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CASE REPORT
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ABSTRACT
Objective: We describe how to assess the degree of canal curvature and manage a separated instrument using
an ultrasonic device. Case Report: A 24-year-old female was referred by a general dentist for an accidentally
separated Protaper F2 instrument. The mesiobuccal canal was enlarged and the separated instrument could be
visualized via the dental operating microscope. Preoperative radiography revealed a separated endodontic instrument
at the middle to apical third of the mesiobuccal canal. Mesiobuccal canal curvature measured 66°. After rubber
dam isolation, a specific ultrasonic tip and the dental operating microscope were used to gain access around the
separated instrument until it loosened. The separated instrument was agitated and accidentally sucked into the
high-speed suction device. The canal was evaluated with higher magnification via the dental operating microscope
and postoperative radiographs were taken to confirm removal. Conclusion: Retrieval of a separated instrument in
the curved canal is effective using a specific ultrasonic device plus a dental operating microscope
Key words: endodontic, separated instrument, canal curvature, ultrasonic device, dental operating microscope
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INTRODUCTION
Endodontic treatment is rapidly developing and
challenging endodontists currently. The introduction
of a new material leads to enhanced capability for the
instrument to negotiate the curved root canal.1 However,
the complex root canal anatomy can be unpredictable
in some cases.1,2 Knowledge and experience of the
operator regarding endodontic treatment can have a
huge impact on its result.3 The nickel-titanium (NiTi)
rotary instrument commonly used among endodontists
is known for its ability to undergo extensive deformation
due to excessive force used during instrumentation.4
Although NiTi rotary instruments have modernized
the root canal treatment technique, numerous studies
have addressed the unexpected fracture associated
with these instrument,1,2,5-9 the incidence of which
has been reported to range from 0.4–3.7%, which is
slightly higher compared to the 0.5–7.4% incidence
of endodontic hand instruments.10 A mesiobuccal root
canal has a high incidence of fractured instruments
occurring in the apical third of the root canal due to
torque failures of the instruments, with a small apical

dimension in the slight curvature of root canals.1,2,4,6,11
A separated instrument prevents optimal cleaning and
shaping in the apical root canal.2,6-8,12
Treatment protocols for removing separated instruments
involves an orthograde or surgical approach.12,13
Instrument retrieval by an orthograde approach often
is considered rather than the surgical approach and the
success rate ranges from 55% to 87%.12 An orthograde
approach consists of bypassing the instrument and
removing it using an ultrasonic device, microtube
extraction, forceps/pliers, and other methods. 2,12
The use of a dental operating microscope to retrieve
the separated instrument is essential, allowing the
operator to gain better visualization of the coronal
aspect of the fractured instrument.6,10 The combination
of a dental operating microscope and a developed
technique has made separated instrument removal more
predictable.2,6,8,10,14
The following case describes the clinical scenario
of separated instrument removal by means of an
ultrasonic device in the curved canal.
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CASE REPORT
A 24-year-old female was referred to the Specialistic
De nt al Hospit al by a ge ne r al de nt ist for a n
unintentionally separated Protaper F2 instrument.
The first right maxillary tooth was diagnosed with
irreversible pulpitis and at that time there were no
subjective complaints. Previous dentists made several
attempts at removal of the broken instrument, but
visualization was inadequate and she was referred to
an endodontist.
On clinical examination using a dental operating
microscope, the remaining hard tissue on the tooth
was still adequate. The root of the mesiobuccal canal
had been enlarged and the separated instrument could
be visualized under the dental operating microscope
(Figure 1A). Vitality of tooth 16 revealed no response
but a percussion test showed a positive response.
Preoperative radiography revealed a separated
endodontic instrument in the middle to apical third of
the curve mesiobuccal canal (Figure 1B). Mesiobuccal
canal curvature measured 66° (Figure. 1C,D). The
different methods to retrieve the instrument were
explained to the patient, including the advantages and
disadvantages.1,7 Rubber dam isolation was mandatory
in this case.
At the first attempt, the separated instrument was
bypassed to access the apical third canal using C-Pilot
(VDW GmbH, Munich, Germany) #08 and #10.
However, the mesiobuccal canal curvature made it
difficult to proceed straight without producing a ledge.
The next option was to use a specific ultrasonic tip
in conjunction with the dental operating microscope
(Opmi PICO, Zeiss, Germany), from the Endo Success
Retreatment Kit (Acteon, Satelec, France). The ET20
tip (Acteon) was used in the coronal third to enlarge
the orifice and gain access to the separated instrument.
Then, the ET25 tip (Acteon) was used to cut a
circumferential dentin around the separated instrument
until it loosened and the separated instrument was
then agitated. A cotton pellet placed in the other
canal orifices blocked the separated instrument from
incidentally lodging in another canal. However, the
segment was accidentally sucked into the high-speed
suction device. Higher magnification using the dental
operating microscope and a postoperative radiograph
confirmed the removal of the fragment (Figures. 1E–F).
A root canal t reatment was perfor med on the
mesiobuccal canal after retrieval of the separated
instrument. The last procedure created a slight ledge
on the canal curvature. A glide path was established
on the mesiobuccal canal using a size 10 K-file with
slight prebending up to a size 15 K-file (Ready.Steel
FlexoFile; Dentsply Maillefer, Ballaigues, Switzerland).
The mesiobuccal canal was prepared using WaveOne
Gold Primary 25.07 (Dentsply Maillefer) and slightly

bending one-third of the tip to negotiate the ledge
and curved canal (Figure 2A). The glide path of the
distobuccal canal was created using a size 10 K-file
(Ready.Steel FlexoFile, Dentsply Maillefer) and then
was prepared using WaveOne Gold Primary 25.07
(Dentsply Sirona, Baden, Switzerland; Figure 2A). The
glide path of the palatal canal was created using a size
20 K-file (Ready.Steel FlexoFile, Dentsply Maillefer)
and then was prepared using WaveOne Gold Medium
35.07 (Dentsply Maillefer, Figure 2B). Root canal
irrigation was done using 5% NaOCl and then 17%
ethylenediaminetetraacetic acid (EDTA) was used to
remove the smear layer; both were activated using the
sonic device for 30 seconds (EndoActivator, Dentsply
International, Inc., York, PA, USA). Obturation on the
distobuccal and palatal canals was done using Non-ISO
7% gutta-percha cones and AH Plus (Dentsply DeTrey
GmbH, Constance, Germany) as a sealer combination
with a continuous wave compaction technique (Element
Obturation, SybronEndo; Figures. 2C,D). Resinmodified glass ionomer cement (Riva Light Cure;
SDI GmbH, Melbourne, Australia) was used as a base
followed by direct restoration using bulk-fill composite
resin (Xtra Base; VoCo GmbH, Cuxhaven, Germany)
and universal shade nanospherical composite resin
(CeramX SphereTEC; Dentsply DeTrey GmbH; Figure.
3A-D)

DISCUSSION
Many studies have reported that a root canal instrument
may separate due to several causes, such as the
characteristics of the rotary NiTi instrument, canal
geometry and tooth type, operator experience,
and instrumentation technique. 2- 4,6,7,15 Rotary NiTi
instruments are believed to have more flexibility and
superior resistance to torsional stress and flexural
fatigue compared to stainless steel files (SS files).1,5,8,14,16
However, the low yield and tensile strength of NiTi
compared to SS files resulted in an increased fracture
rate at lower loads.1,8,11,17 The rotary NiTi instrument
may separate due to torsional stress and/or flexural
fatigue.1,4,6,8 The cross-sectional dimensions and
design of the instrument may affect the susceptibility
of the instrument to fracture.1,18,19 Manufacturing and
processing of NiTi alloy has been shown to create an
irregular surface, characterized by grooves, multiple
cracks, pits, and metal rollover, that may act as a center
of stress concentration initiating crack formation
during clinical use.1,5,18,19 Our case demonstrated that
the ProTaper F2 instrument, which had the highest
fracture frequency compared to other systems, also
separated in the middle to apical third of the canal.5
Incorrect root canal instrumentation protocol also may
lead to fracture of the ProTAper F2.20
The risk of instrument separation seems to increase in
cases with complex root canal anatomy, the primary
167

Journal of Dentistry Indonesia 2018, Vol. 25, No. 3, 166-170

Figure 1. (A) Separated instrument is visible from the orifice using a dental operating microscope. (B) Preoperative
periapical radiograph. Separated instrument is visible in the middle to apical third curvature (30°–40°) mesiobuccal
canal. (C) Using a ruler arch to measure the angle formed. (D) The angle formed by intersection of lines A and B is
measured, the angle is 66°. (E) Separated instrument was removed from the root canal. (F) Postoperative periapical
radiograph after retrieval of the separated instrument

Figure 2. (A) Mesiobuccal and distobuccal canals shaped using WaveOne Gold Primary (25.07). (B) Palatal canal
shaping using WaveOne Gold Medium (45.05). (C,D) All canals were obturated using wave-vertical condensation
technique

Figure 3. (A) RM-GIC material used as a base. (B) Postoperative periapical radiograph after obturation and application
of base. (C) direct restoration using bulk-fill material combined with universal shade nanospherical composite resin.
(D) Postoperative periapical radiograph after direct restoration

reason being the curvature degree of these root
canals.1,4,18,21 Molars have more roots and a higher
degree of curvature compared to incisors, canines,
and premolars.1,11 Most instrument fractures occur
in the mesiobuccal root canals of molars (39.5%) and
occur three times more often than in the distobuccal
canal.1,11,18 In our case, the mesiobuccal canal had a
severe curvature in the middle third (angle >20°) based
on Schneider’s classification. In this case the curvature
measured 66° using a digital protractor. The value was
obtained through measurement based on an imaginary

line created on a radiographic image. A curvature
>25°–30° increased the susceptibility for instrument
fracture inside the root canal up to 54.3%.16,22 Moreover,
>50% of all NiTi instrument separation were in a
severely curved canal.11 It is suggested that when
curvatures existed, the operator should proceed with
root canal instrumentation more cautiously.16,21
Operator experience is a key factor that can influence
i nst r u ment failu re leadi ng to separation. 2 , 3, 22
Inexperienced operators have a higher tendency to
168
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fracture the NiTi rotary instrument compared to
experienced operators.16 However, it is important
for operators to improve their skill through training
exercises, experience, and understanding of the
current endodontic instrumentation techniques and
materials.3,6,16 To reduce the possibility of a separated
instrument, the use of a crown-down technique
instead of a step-back technique has been proposed.1,21
Enlarging the coronal aspect of the canal before apical
preparation and finishing can reduce the possibility of
the instrument locking or jamming, which can lead to
torsional fracture.1,16 It is important for practitioners to
apply the technique as standard operational procedure
before introducing the NiTi instrument into the canal.
The use of ultrasonic in conjunction with a microscope
in this case has become the most conservative method
of removal by creating a staging platform (sufficient
space) to allow the specialized ultrasonic tips to
trephine around the coronal aspect of the separated
instrument, and in so doing agitating, loosening, and
unwinding the fractured instrument.6,23 The use of a
dental microscope can result in direct and illuminated
visualization of the separated instrument in the coronal
aspect.6,16 It can allow the operator to remain centered
within the canal and reduce the possibility of canal
perforation.2

CONCLUSION
Retrieval of a separated instrument using a specific
ultrasonic device in conjunction with a dental
operating microscope is an effective way to remove a
separated instrument in the curved canal. It is better
to prevent a separated instrument by understanding
the characteristics of the rotary NiTi Instrument, canal
geometry and tooth type, operator experience, and
instrumentation technique. Most separated instruments
can be removed using the correct technique and
armamentarium.
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